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of the SII region causes tingling/pricking sensations and even robust pain. 20 Although several electrophysiological, anatomical, and imaging studies of the SII area have been performed, the clinical relevance of these methods in humans has not been fully elucidated.
In this report, we describe a patient with a lesion in the left deep parietal operculum, presenting with medically uncontrollable seizures, dysesthesia in the diffuse area of the body, and occasional pain, which was mostly caused by seizures related to the SII area. We performed tumor removal by cortical and subcortical mapping under awake surgery through the subcentral gyral approach, specifically a transsubcentral gyral approach. This method involved making a corridor in the subcentral gyrus for approaching this lesion after confirmation of negative mapping. Subcortical stimulation of this region resulted in pain. This is the first report that describes the clinical characteristics and surgical treatment of a patient with a lesion in the deep parietal operculum around the posterior insular point in detail. We would like to stress 3 points: 1) lesions in the deep parietal operculum could cause SII epilepsy; 2) surgical approaches for resection of this lesion were challenging, and the transsubcentral gyral approach was safe and advantageous; and 3) lesions within the SII region cause pain with direct electrical stimulation.
case report

Preoperative Evaluation
A 24-year-old man presented at our hospital with a 7-year history of medically refractory daily seizures. He was otherwise free from neurological symptoms. His seizures were partial seizures, manifesting extremely uncomfortable dysesthesia and occasional pain in diffuse areas in his right side. Somatotopic distribution was unclear, and he complained that a pathological sensation (uncomfortable dysesthesia and occasional pain) frequently occurred in his right arm and in his face, but occasionally spread to the lower limb, head, or even to the contralateral body. The seizures occurred approximately 5-10 times per day, despite the patient taking 400 mg of carbamazepine, 200 mg of lamotrigine, and 2000 mg of levetiracetam daily. He also experienced generalized seizures approximately once per year. His Karnofsky performance status was 90. He was right handed, as assessed by the Edinburgh Inventory. Left-side dominance for language was confirmed by functional MRI using verb generation and picture naming tasks. Cognitive function, including language, was eval uated using the Standard Language Test of Aphasia (SLTA; Japan Society for Higher Brain Dysfunction, SLTA committee, 1977), 30 Wechsler Adult Intelligence Scale-III (WAIS-III), Wechsler Memory Scale-R (WMS-R), and Clinical Assessment for Attention, which revealed no cognitive dysfunction or speech disturbance (Table 1) .
In imaging studies, MRI revealed a lesion of 20 mm in diameter around the posterior insular point, which showed high signal intensity on T2-weighted and FLAIR images ( Fig. 1B and D) , and a well-circumscribed, very low-intensity lesion on STIR images corresponding to calcification ( Fig. 1E ). T1-weighted images showed isointensity and obscure signals, but the lesion was slightly enhanced by Gd ( Fig. 1A ). FDG-PET showed relatively low uptake in the lesion. Sagittal and coronal T2-weighted images revealed that the lesion was located outside of the insula but adjacent to the posterior insular point, i.e., in the deep parietal operculum ( Fig. 1C and F), anatomically corresponding to the anterior transverse parietal gyrus ( Fig. 2 ). 31 Preoperative differential diagnosis included cavernous malformation, or Grade I-III gliomas (oligodendroglioma, pleomorphic xanthoastrocytoma, or ganglioglioma). Long-term video electroencephalography (EEG) monitoring was performed for determination of epileptogenesis. In the interictal phase, small spikes were sporadically observed in the left frontal (F3) or temporal areas (T3). We captured more than 10 partial seizures during recording, but EEG changes did not correspond to the seizures. We suspected that the seizures might start at a deep location within the hemisphere, making them difficult to record superficially using scalp electrodes. Thus, we recommended examination with intracerebral depth electrodes; however, the patient refused this procedure due to the risk of intracranial hemorrhage, possibly caused by insertion of the depth electrode, and due to possible damage of the cortex in the language-dominant side. Tumor resection was then performed, using awake surgery to preserve language function. The patient understood the potential complications and risks of this procedure and agreed to this treatment, providing written informed consent. Surgical procedures in addition to awake craniotomy, including intraoperative electrical mapping, were approved by the ethical commit- tee of Nagoya University Graduate School of Medicine and Nagoya University Hospital.
Surgical Approach
The lesion was located in the anterior transverse gyrus, the deep medial part of the parietal operculum covering the posterior insular point. To approach this lesion, opening the sylvian fissure widely within this region was challenging because of the complexity of the vasculature. Even if the sylvian fissure was opened, because the posterior insular point was located posteriorly and rostrally from the opening area, it was difficult to sufficiently secure the operative field to remove the tumor. Accordingly, we chose the transcortical approach via the subcentral gyrus located in the region inferior to the precentral and postcentral gyri (i.e., the transsubcentral gyral approach; Fig. 2 ).
Operation (Intraoperative Mapping and Tumor Removal)
The awake surgery was performed following the guidelines issued by the Guideline Committee of the Japanese Awake Surgery Conference in 2012, 16 and our techniques for mapping were generally described in a previous report. 10, 18 General anesthesia was induced with a laryngeal mask (i-gel, Intersurgical), followed by a wide frontotemporal craniotomy, which exposed the sylvian fissure and the frontal and parietal operculum (including the triangular part of the inferior frontal gyrus anteriorly, the angular gyrus posteriorly, the middle frontal gyrus superiorly, and the middle temporal gyrus inferiorly). The tumor location and anatomical landmarks were verified using BrainLAB (Vector Vision Compact). The sylvian fissure was gently opened to the posterior end of the fissure, preserving the bridging veins; therefore, the posterior side of the sylvian fissure was not widely opened. The patient was then awakened, and the laryngeal mask was removed.
Cortical language mapping was performed during the awake portion of the surgery. A bipolar electrode (Unique Medical) with 5-mm tip spacing was used to apply electrical stimulation with a biphasic current intensity between 2 and 6 mA (60-Hz pulse frequency, 0.5-msec single-pulse phase, 8-second tissue contact; Neuromaster MEE1200, Nihon Kohden). Electrocorticograms were recorded during brain mapping and tumor removal with 3 strip electrodes (18 contacts). First, we identified the motor cortex (the precentral gyrus [tags 3 and 4 in Fig. 3B and C]) and somatosensory cortex (the posterior central gyrus [tags 1 and 2 in Fig. 3B and C]) by confirming moving disturbance and dysesthesia, respectively. Next, we evaluated language function using the object naming and auditory comprehension tasks. Aside from 1 site without stimulation (as a control), each site was tested 3 times with stimulation. 23 The Broca area (the triangular gyrus [tags 6 and 7] and the opercular gyrus [tag 5] in Fig. 3B ) and Wernicke area (the superior temporal gyrus [tags 9 and 10 in Fig. 3B ]) were identified by anomia, speech arrest, or slowness during object naming and auditory comprehension language tasks. After determining the appropriate cortical areas, the parietal operculum (the posterior central gyrus) was gently retracted, and the subcentral gyrus, just medial and inferior to the sylvian veins, was exposed ( Fig. 3C ). We stimulated the surface of the subcentral gyrus with 4-6 mA (tag 11 in Fig. 3A) ; however, no positive response was observed in terms of motor or sensory function. The patient did not feel any sensation throughout his whole body, including his hands, arms, face, mouth, and tongue. The patient did not complain of uncomfortable sensations in the throat or mouth or of epigastric discomfort. Language tasks performed at the same location under stimulation resulted in negative mapping. On the other hand, the medial aspect of the temporal operculum (continuing from the superior temporal gyrus) showed anomia with stimulation (tag 12 in Fig. 3A ). Therefore, a cortical incision following 10 mm of the window was made in the subcentral gyrus for the approach. We then approached by removing the tissue of the subcentral gyrus toward the anterior transverse gyrus, while checking for a negative response following subcortical stimulation. This approach is schematically depicted in Fig. 3A . Subcortical mapping was performed with the same electrical stimulation as used for cortical mapping. At the 20-mm depth, we encountered the tumor tissue, which contained apparent calcified tissue (tissue that was relatively hard and sand-like). A part of the tumor specimen was submitted for frozen sectioning, and the intraoperative pathological diagnosis suggested low-grade glioma. Thus, tumor removal was performed by gyrectomy of the medial part of the anterior transverse parietal gyrus; the gyrus that had been invaded by the tumor was removed until the sulcus bordering the gyri were observed anteriorly and posteriorly. In the deep portion, we observed the surface of the insula and the veins and arteries found above the surface of the insula. The loca-tion we reached was around the posterior insular point, confirmed by the navigation system.
When we stimulated the deep portion of the tumor cavity, specifically the deep medial aspect of the anterior transverse parietal gyrus around the posterior insular point, the patient complained of severe pain in his right side (tag 13 in Fig. 3A ). The same response was also observed at the posterior area of the insula just anterior of the posterior insular point (tag 14 in Fig. 3A and D) . Although maximum pain was reported in the hip joint, the pain was distributed over almost the entire right side of the patient. After a short rest, we stimulated there again and observed reproducible responses. The patient reported that this pain and discomfort was similar to the symptoms he frequently experienced during his seizures. A summary of intraoperative mapping is shown in Table 2 . After confirming that the tumor tissue was completely removed by microscopy, navigation, and intraoperative MRI, general anesthesia was reinduced, cranioplasty was performed with a titanium plate, and the wound was closed. Postoperatively, his seizures have disappeared, with almost 1 year of followup at the time of writing this paper, and the patient shows no neurological deficits, including language and cognitive function ( Table 1 ). No gustatory changes were observed postoperatively. The pathological diagnosis of the tumor was WHO Grade II pleomorphic xanthoastrocytoma. 
discussion
In this case study, 3 points are clinically important and should be discussed. First, the clinical manifestation of this case was quite rare, but representative of SII epilepsy. Second, the location of the lesion was challenging for surgical removal, and a transcortical approach via the subcentral gyrus, which we performed, was useful. Third, intraoperative mapping demonstrated that the patient experienced pain during the electrical stimulation around the posterior insular point, which was helpful in determining the orientation in this approach.
secondary somatosensory epilepsy
Characteristics of SII epilepsy include bilateral, wide-spread, and uncomfortable numbness, tingling sensation, and/or occasional pain; this somatotopy is diffuse compared with that of the somatosensory cortex. 1, 24, 35, 38 Anatomically, the operculoinsular area receives spinothalamic inputs from the thalamic nuclei and has projections via the thalamic nuclei connecting diffusely and bilaterally to the primary somatosensory areas, secondary somatosensory areas, associated somatosensory areas, cingulate gyrus, premotor area, and supplementary motor areas; back-projections from these areas are also received. 8, 9, 21, 34 This connectivity to diffuse areas makes the sensation of epilepsy in this area somatically obscured and symptomatically complicated. In the case presented in this report, the patient experienced uncomfortable dysesthesia in diffuse areas of his body, along with occasional pain; these symptoms were similar to those of SII epilepsy reported in the literature. However, electrophysiological evidence of a symptomatic zone could not be obtained preoperatively in this case. Stereotactic implantation of intracranial electrodes requires passing through the perisylvian cortices, the region that is responsible for language function, i.e., the marginal gyrus, posterior superior temporal gyrus, and clinically important vasculature such as the middle cerebral artery or Sylvian veins. In previous studies, few cases have been studied using intracranial electrode recording, probably because of the anatomical location of the SII area. 1, 24, 36 Recently, Isnard et al. reported a case similar to ours that had a lesion (cortical dysplasia) in the right insula and exhibited SII epilepsy; concomitant painful symptoms started from the contralateral hand extending to the whole body (including his head) and intracranial electrode recording confirmed that his seizure started from the lesion. 14 Although the location of the lesion was somewhat different, i.e., the posterior insula (the medial side to the posterior insular point in their case) and the anterior transverse parietal gyrus (lateral to the posterior insular point in our case), these structures are anatomically contiguous, and symptoms were comparable. Moreover, while our case lacked preoperative electrophysiological examination, considering the symptoms and location of the lesion, his preoperative seizures were believed to represent SII epilepsy.
transsubcentral gyral approach
The surgical approach for resection of the lesion around the posterior insular point (the posterior insula and the medial aspect of the anterior transverse parietal gyrus) was considerably challenging due to the complicated anatomy, including the critical vasculature near this region, and because this region covered functionally dominant opercular cortices (i.e., the marginal gyrus, angular gyrus, and superior temporal gyrus). No reports have described the details of an approach to resect lesions from such a location. Some reports describing surgery of the insula may be of use as references. 6, 7, 17, 28, 37 The transsylvian approach with wide opening of the fissure for observation of this location may be effective; however, the risk of vascular injury and pial destruction is not insignificant. Furthermore, the transsylvian approach is associated with high neurological morbidity in surgery for medial temporal tumors. 29 On the other hand, Sanai et al. and Duffau et al. reported good functional outcomes of surgery for gliomas in the insula using the transcortical approach, i.e., tumor removal via cortical corridors made at the frontal and/or temporal operculum. 6, 7, 28 Sanai et al. achieved 82% resection for insular gliomas using the transcortical approach, with acceptable postoperative sequelae. Additionally, they insisted that the location of the zone II, superior, and posterior areas of the insula in the Berger-Sanai classification, corresponding to the location of the lesion in our case surrounding the posterior insular point, was especially difficult to access, and that only 67.4% resection could be achieved in such cases. In our case, cortical mapping of the subcentral gyrus was performed, negative symptoms regarding language and sensory-motor function were confirmed, and a small cortical window was created. Although the location of the pos-terior insular point was further posterior and superior from the subcentral gyrus, the visual angle was not restricted for the surgeons, it was not necessary to retract the parietal operculum, and direct observation of the lesion site was possible. A summary of this approach with schematics and postoperative images is shown in Fig. 4 .
In this case, stimulation of the subcentral gyrus caused neither somatosensory nor lingual phenomenon intraoperatively. Gustatory dysfunction was not observed postoperatively. Reports demonstrating electrical stimulation mapping of the subcentral gyrus are rare. Although some authors have found that stimulation in this area may cause some sensory or motor responses and inhibitory responses for the contralateral arm and leg (and occasionally for the ipsilateral limbs), these findings have not been consistent between reports. Additionally, the stimulated sites have not been clearly described (medial or lateral to the Sylvian veins), and conclusions have not been made. 35 Gustatory function has been shown to be associated with the anterior insula and the frontal operculum in humans, whereas its relationship to more posterior areas, as observed in our case, remains uncertain. 27 The lack of functional information in the subcentral gyrus may be caused by negative or unclear mapping, which implies that this area does not exhibit a distinct function. Clinical situations may occur in which damage to this area does not cause any deficits. The subcentral gyrus is formed by the fusion of precentral and postcentral gyri in their ventral-most parts and exhibits a U-shaped appearance, potentially representing an anatomically distinct landmark. 22, 31, 33 Using this landmark, it may be possible to perform the transcortical approach for reaching the posterior insular region without mapping under awake surgery, although further studies are needed to confirm these findings. Although other approaches may also be possible through the dominant inferior parietal lobule with a combination of cortical mapping, 19 such an approach may result in some undesirable sequelae regarding language function. Therefore, we concluded that the approach taken in this case appeared safe and reasonable for resection of small lesions in and around the posterior insular point of the dominant hemisphere.
intraoperative mapping and the experience of pain
In this case, stimulation of the deep portion of the tumor cavity around the posterior insular point (the posterior insula and the medial aspect of the anterior transverse parietal gyrus) caused severe pain in the patient's right side. The findings we obtained here were supported by a report by Mazzola et al. in 2012. 20 These authors preoperatively evaluated 164 cases of epilepsy using intracerebral electrode stimulation over 12 years and concluded that the medial parietal operculum and posterior insula are the only areas where electrical stimulation is able to trigger activation of the pain cortical network and thus the experience of somatic pain. This region is a part of the "pain matrix," which have been identified as areas that are activated in response to painful stimuli in functional imaging studies, including the insula, the secondary somatosensory cortex located in the suprasylvian parietal operculum, the anterior and midcingulate cortex, the primary somatosensory cortex, the anterior and frontal cortices, and the primary somatosensory cortex. 25 However, all other areas (including the midcingulate gyrus) which are also known to play central roles in the experience of pain did not cause pain responses following direct stimulation, and the reason for this remains unclear. 13, 25, 32 Thus, in operations near the posterior insular point, pain experience evoked by electrical stimulation could facilitate orientation within the brain tissues. In our case, electrical stimulation of this region reproduced some of his symptoms of epilepsy and supplemented the electrophysiological data, leading to successful tumor resection with achievement of good control of epilepsy.
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